We have isolated a cDNA clone representing the complete coding sequence of a human gene named erg, related to the ets oncogene. Nucleotide sequence analysis of this cDNA (4.6 kilobases long) revealed that this gene encodes a 363-residue protein whose predicted amino acid sequence showed a homology of -40% and -7O% to two domains corresponding to the 5' and 3' regions of v-ets oncogene, respectively. A 3.2-to 3.6-kilobase and -5-kilobase transcript of the erg gene, which differ in size from those of the previously described Hu-ets 1 and Hu-ets 2 genes, were observed in different cells. These results suggest that the erg gene is a member of the ets oncogene family.
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E26 is a replication-defective avian acute leukemia virus, which causes erythroblastosis and a low level of concomitant myeloblastosis in chickens (1, 2) . The genome of E26 contains, in addition to the v-myb oncogene, a second cellderived oncogene v-ets (3, 4) . The v-myb and v-ets oncogenes are expressed, together with a truncated viral gag gene, as a 135-kDa (p135) protein (3) . Recently, it was shown that there exist two ets loci in humans, Hu-etsl and Hu-ets2, which were mapped to human chromosomes 11 and 21, respectively (5, 6). § The Hu-etsl encodes a single mRNA of 6.8 kilobases (kb) and Hu-ets2 encodes three mRNAs of 4.7, 3.2, and 2.7 kb (5) . By contrast, the chicken homologue has contiguous etsl and ets2 sequences and is expressed in normal chicken cells as a single 7.5-kb mRNA (4, 5) .
Normal cellular genes that have given rise to retroviral transforming sequences represent an abundant class of genes. In addition to these genes, dominant transforming genes present in certain tumor cells have been found. Recently, other genes have been implicated in the transformation process by virtue of their amplification in tumor cells and they are found to be related to known oncogenes-for example, N-myc (8, 9) , L-myc (10), c-erb B2 (11) , and neu (12) . In addition, other genes related to oncogenes-namely, arg (13) , sik/syn (14, 15) , pks (16) , ral (17) , and rho (18)-have been described.
In this study, we have made a cDNA library from COLO 320 cells and have isolated cDNA clones representing the complete coding sequence of an ets-related gene named erg. We have characterized the cDNA clones by sequencing and studied their expression in various cells. The longest cDNA clone, X7 ( Fig. 1 (19) (20) (21) . The library was screened with a 32P-labeled EcoRI fragment of cDNA 14 clone (5) as described (19) . Nucleotide Sequence Analysis. The nucleotide sequence of both strands was determined by the dideoxy chain-termination method (22) after cloning individual fragments into mpl8 and mpl9 vectors (23) . Some regions were sequenced using the method of Maxam and Gilbert (24) and also by the dideoxy chain-termination method using reverse transcriptase and synthetic primers (22) .
Southern Blot Analysis. Genomic DNA (10 ,tg) was digested to completion with restriction enzymes, electrophoresed in a 0.8% agarose gel, and transferred to Nytran paper as suggested by the manufacturer (Fig. 2 ) (Schleicher & Schuell). The blots were hybridized and washed as suggested by the manufacturer.
RNA Blot Analysis. Cellular RNAs were fractionated by electrophoresis on a 1.2% agarose-formaldehyde gel (19) and transferred to Nytran filters as described above. Filters were hybridized and washed as recommended by the manufacturer (Schleicher & Schuell).
RESULTS AND DISCUSSION
Identification of an ets-Related Gene. A cDNA library was made from COLO 320 cells and screened with a Hu-ets2 cDNA clone (5) . Three cDNA clones, ranging in size from 2.2 to 4.6 kb, were isolated. The longest cDNA clone ("4.6 kb) was designated X7 (Fig. 1) . We named this human gene erg (ets-related gene). X7 cDNA represents ergl, as we observed alternative splicing in another cDNA clone, which we have named erg2 (25) .
The erg gene is probably a single copy gene, since single hybridizing fragments were detected by Southern blot analysis of genomic DNA digested separately with different restriction enzymes (Fig. 2) . Comparison of different restriction enzyme patterns of genomic DNA of COLO 320 from which the cDNA library was made and of placenta DNA revealed no obvious rearrangements in the erg gene (Fig. 2) .
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (26, 27) , this codon (at position 195) seems to be the initiation codon because two stop codons are found in the reading frame upstream in the 5'-untranslated region (Fig. 3) . The only long open reading frame with an initiation codon (position 195) is preceded by another ATG in the same reading frame. This occurs upstream of the termination codon that precedes the long open reading frame. Thus, a polypeptide (28 amino acids) could also be potentially synthesized from ergi mRNA in the bicistronic fashion proposed for certain other eukaryotic mRNAs (27) (28) (29) (30) . However, the context of the ATG at position 24 is less favorable than the context of the ATG at position 195 as the former ATG lacks a purine in position -3, a feature that is believed important for initiation of translation (26, 27) . Thus, ergi mRNA joins the growing list of exceptions to the proposal that eukaryotic mRNAs initiate at the first AUG nearest the 5' end (26, 27) . The extreme 3' sequence must have been lost from the ergi clone during the cloning of cDNA because of the absence of the poly(A) sequence at the 3-untranslated region. However, we could see two potential polyadenylylation signals in the AATAAA sequence at the 3' terminus (Fig.  3) . It is uncertain which of the two is used as a polyadenylylation signal. The other structural feature is the presence of an 8-bp sequence ( Figs. 1 and 3) , which is repeated twice as a direct repeat in another cDNA clone, erg2 (25) .
The deduced amino acid sequence of the ergi polypeptide
shows that it has a primary length of 363 amino acids, is proline rich (41 residues (Fig. 5) . It was shown that Hu-ets2 is expressed in COLO cells as 4.7-, 3.2-, and 2.7-kb transcripts (5) . To determine the length of the erg gene transcripts, we hybridized size-fractionated poly(A) mRNA from COLO 320 and Molt-4 cells with erg-specific probe (0.95-kb EcoRI fragment of ergl clone, which does not share homology with Hu-ets2 cDNA). Major transcripts ranging in size from 3.2 to 3.6 kb and minor transcripts of -5 kb were detected (Fig. 6 ). It appears that these transcripts may have been generated by alternative splicing and/or polyadenylylation (25) . On longer exposure, minor transcripts of smaller size were seen (Fig. 6B) . It is not certain whether these transcripts are real or degradation products.
The same blot was washed and reprobed with Hu-ets2 cDNA probe. As shown in Fig. 6C , the sizes of the transcripts of the erg gene and the Hu-ets2 gene were different, providing additional evidence for the erg gene being distinct from the Hu-ets2 and Hu-etsl genes.
Implications. Characterization of another cDNA clone (erg2) revealed an alternative initiation, alternative splicing, and alternative polyadenylylation, giving rise to another ets-related polypeptide (25) . Thus, the erg gene appears to encode for at least two proteins that share a limited domain(s) of homology with v-ets and Hu-ets2-encoded protein products. Recently, evidence has been provided for the existence of a set of proteins in chicken related to, but distinct from, the chicken c-ets-encoded protein p54, supporting the presence of ets-related proteins (32) . More extensive analysis of these similar but distinct genes, including in situ analysis of mRNAs and proteins, is required to determine whether these products are specific to a certain cell lineage or whether they play a more general role in cell growth.
A number of genes related to but distinct from oncogenes transduced by retroviruses have been implicated in the neoplastic process. For example, N-myc (8, 9), L-myc (10) , and c-erb B2 (11) were shown to be amplified in neuroblastomas, small lung cell carcinomas, and human mammary carcinomas, respectively. Interestingly, it was shown that the Hu-etsl and the Hu-ets2 genes are translocated in certain leukemias (33, 34) . It remains to be seen whether erg, a gene related to the ets oncogene, can be linked to any human malignancy either by amplification, rearrangement, or translocation.
